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IN-WHEEL MOTOR SYSTEM 

Background of the Invention 
[Field of the Invention] 

The present invention relates to an in-wheel motor 
system for use in a vehicle having direct drive wheels 
as drive wheels. 

[Description of the Prior Art] 

It is generally known that^ in a vehicle having 
a suspension mechanism such as a spring around a wheels 
as the mass of parts under the spring such as a wheel, 
knuckle and suspension arm, so-called ^'unsprung mass" 
increases, changes in the ground holding force of a tire 
when running on an uneven road become larger, thereby 
deteriorating road holding properties. 

In a vehicle driven by a motor such as an electric 
car, an in-wheel motor system incorporating a motor in 
a wheel is being employed. However, in a conventional 
in-wheel motor whose non-rotating part is fixed to a 
spindle shaft connected to a part such as an upright 
or knuckle which is one of the parts around a wheel of 
the vehicle and whose rotor as a rotating part can rotate 
together with the wheel, the above unsprung mass 
increases by the weight of the in-wheel motor, whereby 
changes in the ground holding force of the tire become 
large, thereby deteriorating road holding properties 



(refer to patent documents 1 to 3, for example) . 

To solve the above problem, there is proposed an 
in-wheel motor system as shown in Fig. 6 in which a 
non-rotating side case 3a supporting a stator 3S is 
elastically supported to a knuckle 5 as a part around 
the wheel of a vehicle by a buffer mechanism 50 having 
two plates 54 and 55 whose moving directions are limited 
to the vertical direction of the vehicle by direct- 
acting guides 51 and which are interconnected by 
springs 52 and a damper 53 moving in the vertical 
direction of the vehicle and a rotating side case 3b 
supporting a rotor 3R and a wheel 2 are interconnected 
by a flexible coupling 60 as a drive force transmission 
mechanism which can become eccentric in the radical 
direction of the wheel 2 (refer to patent document 4, 
for example ) . 

More specifically, as shown in Fig. 7, the above 
flexible coupling 60 comprises a plurality of hollow 
disk-like plates 61A to 61C and direct-acting guides 
62A and 62B for interconnecting between the adjacent 
plates 61A and 61B and between the adjacent plates 61B 
and 61C and guiding the above adjacent plates 61A and 
61B and the adjacent plates 61B and 61C in the radial 
direction of the disk. As shown in Fig. 8, each of the 
above direct-acting guides 62A and 62B comprises a 
guide rail 62x having a projection extending in the 
radial direction of the above plates 61A to 61C, a guide 



member 62y having a recess extending in the radial 
direction of the above plates 61A to 61C to be engaged 
with the above guide rail 62x, and a plurality of steel 
balls 62m interposed between the projection of the 
above guide rail 62x and the recess of the guide member 
62y to smoothly slide the above guide rail 62x and the 
guide member 62y, 

Since the above guide rail 62x and the guide member 
62y slide so as to guide the above adjacent plates 61A 
and 61B and the adjacent plates 61B and 61C in the radial 
direction of the disk, the in-wheel motor 3 can move 
in the working direction of the above direct-acting 
guides 62A and 62B, that is, the radial direction of 
the disk but not in the rotation direction. Therefore, 
by connecting the rotating side case 3b of the motor 
3 to the wheel 2 by the above flexible coupling 60, drive 
torque can be transmitted from the motor 3 to the wheel 
2 efficiently. 

In the in-wheel motor system constituted as 
described above, the in-wheel motor 3 is elastically 
supported to the knuckle 5 which is a part around the 
wheel of a vehicle to be float mounted to the part by 
the above buffer mechanism 50 so that the motor 3 itself 
can be used as the weight of a dynamic damper, thereby 
making it possible to improve ground holding 
performance and riding comfort when running on a bad 
road. Since the motor shaft and the wheel shaft are 



interconnected by the above flexible coupling 60 in 
such a manner that they can become eccentric to each 
other in any direction, torque can be transmitted from 
the motor 3 to the wheel 2 efficiently. 

In the above method, the motor 3 vibrates in the 
vertical direction independently of the parts around 
the wheel of the vehicle, a certain measure of spacing 
is required between the motor 3 and the wheel 2. 
Therefore, when the vehicle runs on a graveled road and 
gravel enters this spacing, the motor may be damaged 
by the vibration of the motor 3 in the wheel 2. To cope 
with this, the present applicant proposes a method for 
preventing the entry of a stone or dust into the above 
spacing by blocking the spacing between the above motor 
3 and the wheel 2 from the outside with a first annular 
dust boot 9A having a wavy section in the direction 
perpendicular to the shaft and the deformation of a 
coupling portion by a stepping stone or the entry of 
dust into the direct-acting guides 62A and 62B by 
forming a barrier on the inner side of the flexible 
coupling 60 with a second annular dust boot 9B as shown 
in Fig. 6 (Japanese Patent Application No. 2002- 
251401) . 

Patent document 1: Japanese Patent No. 2676025 
Patent document 2: Japanese Examined Patent 
Publication No. 9-506236 

Patent document 3: Japanese Unexamined Patent 
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Application No. 10-305735 

Patent document 4: WO 02/083446 Al 

Summary of the Invention 

Although the above flexible coupling 60 can 
transmit the drive torque of the motor 3 to the wheel 
2 efficiently, as it has a large number of parts an'd 
comprises the direct-acting guides 62A and 62B which 
require high assembly accuracy, it takes long to mount 
the above direct-acting guides 62A and 62B to the above 
plates 61A to 61C, thereby reducing productivity. 
Further, since the above direct-acting guides 62A and 
62B are expensive, the whole system costs dear. 

Although grease is filled into the above 
direct-acting guides 62A and 62B to smoothen their 
movements and the above dust boots 9A and 9B can prevent 
the entry of a stone or dust from the outside, the above 
grease may leak out into the motor 3 from the periphery 
of the flexible coupling 60. 

It is an object of the present invention which has 
been made in view of the above problem of the prior art 
to provide an in-wheel motor system capable of 
transmitting the drive torque of a motor to a wheel very 
efficiently with simple constitution and comprising a 
flexible coupling which is easily assembled. 

According to a first aspect of the present 
invention, there is provided an in-wheel motor system 




having a hollow direct drive motor which is provided 
in a wheel and whose stator side is supported to a part 
around the wheel of a vehicle by elastic bodies and/or 
an attenuation ,mechani sm, wherein 

a motor rotor and a wheel or a hub are 
interconnected by a coupling mechanism which comprises 
two hollow disk-like plates having a plurality of 
grooves formed on their opposed surfaces in the 
circumferential direction at an angle of 45° from the 
radial direction of the plates and extending in 
directions orthogonal to each other, small balls 
sandwiched between the grooves in such a manner that 
they can slide, an intermediate plate interposed 
between the hollow disk-like plates and having guide 
holes for guiding the small balls in a direction 
orthogonal to the radial direction of the plates. 

According to a second aspect of the present 
invention, there is provided an in-wheel motor system 
which comprises an elastic annular dust boot for 
storing a slide mechanism having the above small steels, 
grooves and guide holes. 

According to the present invention, the rotor of 
a hollow direct drive motor provided in a wheel and the 
wheel or the hub are interconnected by a coupling 
mechanism which comprises two hollow disk-like plates 
having a plurality of grooves formed on their opposed 
surfaces in the circumferential direction at an angle 
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of 45° from the radial direction of the plates and 
extending in directions orthogonal to each other, small 
balls sandwiched between the grooves in such a manner 
that they can slide, and an intermediate plate 
interposed between the hollow disk-like plates and 
having guide holes for guiding the small balls in a 
direction orthogonal to the radial direction of the 
plates and which is simple in structure and has a small 
number of parts. Therefore, even when the motor shaft 
and the wheel shaft become eccentric with each other, 
the drive torque of the motor can be transmitted to the 
wheel without fail and the motor is easily assembled, 
thereby making it possible to improve work efficiency. 

Since the elastic annular dust boot for storing 
a slide mechanism having the above small balls, groove 
and guide holes is provided, the entry of dust and water 
into the above slide mechanism and the diffusion of 
grease filled into the slide portions of the above slide 
mechanism to the outside can be prevented effectively. 

Brief Description o f the Drawingc^ 

Fig. 1 is a longitudinal sectional view showing 
the constitution of an in-wheel motor system according 
to Embodiment 1 of the present invention; 

Figs. 2(a) and 2(b) are diagrams showing the 
constitution of a flexible coupling according to 
Embodiment 1; 
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Fig. 3 is a longitudinal sectional view showing 
the constitution of an in-wheel motor system according 
to Embodiment 2 of the present invention; 

Figs. 4(a) and 4(b) are diagrams showing the 
operation of a dust boot according to Embodiment 2; 

Fig. 5 is a longitudinal sectional view showing 
the constitution of an in-wheel motor system comprising 
a flexible coupling and a dust boot according to the 
present invention; 

Fig. 6 is a diagram showing the constitution of 
a conventional in-wheel motor of the prior art; 

Fig. 7 is a diagram showing the constitution of 
a conventional flexible coupling of the prior art; and 

Fig. 8 is a diagram showing an example of a 
direct-acting guide. 

Detailed Descri ption of the Pr efe rred Embod i m^^n 1 5. 

Preferred embodiments of the present invention 
will be described hereinunder with reference to the 
accompanying drawings. 
Embodiment 1 

Fig. 1 shows the constitution of an in-wheel motor 
system according to Embodiment 1 of the present 
invention. In Fig. 1, reference numeral 1 denotes a 
tire, 2 a wheel consisting of a rim 2a and a wheel disk 
2b, and 3 an outer rotor type in-wheel motor which 
comprises a stator 3S fixed to a non-rotating side case 



3a arranged on the inner side in the radial direction 
and a rotor 3R fixed to a rotating side case 3b rotatably 
connected to the above non-rotating side case 3a 
through a bearing 3j and arranged on the outer side in 
the radial direction. 

Numeral 4 denotes a hub connected to the wheel 2 
at its rotary shaft, 5 a knuckle connected to an axle 
6,7a suspension member composed of a shock absorber, 
8 a brake unit composed of a brake disk mounted to the 
above hub 4, 10 a small ball slide type flexible coupling 
for connecting the rotating side case 3b to the wheel 
2, and 50 a buffer mechanism for elastically supporting 
the non-rotating side case 3a supporting the stator 3 
to the knuckle 5 as a part around the wheel of the vehicle, 
comprising two plates 54 and 55 whose moving directions 
are limited to the vertical direction of the vehicle 
by direct-acting guides 51 and which are interconnected 
by springs 52 and a damper 53 moving in the vertical 
direction of the vehicle. 

As shown in Figs. 2 (a) and 2 (b) , the above flexible 
coupling 10 comprises a hollow disk-like motor-side 
plate llA attached to the rotating side case 3b of the 
motor, a hollow disk-like wheel-side plate IIC attached 
to the wheel 2, small steel balls 11m sandwiched between 
a plurality of grooves 11a and a plurality of grooves 
lib formed in the respective plates llA and IIC in such 
a manner that they can slide, an intermediate plate IIB 
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interposed between the above plates llA and IIC and 
having guide holes lis for guiding the above small balls 
11m in a direction orthogonal to the radial direction 
of the above plates llA and IIC and transmits drive 
torque from the motor 3 to the wheel 2. The above 
grooves 11a are formed on the surface opposed to the 
above wheel-side plate IIC of the above motor-side 
plate llA at an angle of 45® from the radial direction 
of the above plate llA whereas the above grooves lib 
are formed on the surface opposed to the above 
motor-side plate llA of the above wheel-side plate IIC 
in directions orthogonal to the extension directions 
of the above grooves 11a. Thereby, the small balls 11m 
can move in any direction between the above motor-side 
plate llA and the wheel-side plate llC, 

When torque from the rotating side case 3b of the 
in-wheel motor 3 is transmitted to the wheel-side plate 
lie connected to the wheel 2 through the motor-side 
plate llA in the above constitution, the above small 
balls 11m rotate in the circumferential direction and 
try to move in a direction at an angle of 4 5'' from the 
radial direction along the grooves lla. Meanwhile, the 
above small balls 11m rotate with the rotation of the 
motor 3 and can move between the motor-side plate llA 
and the wheel-side plate IIC in all directions as they 
are also stored in the grooves lib formed in the 
wheel-side plate IIC in directions orthogonal to the 
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above grooves 11a and their moving directions are 
limited by the guide holes lis. Thereby, even when the 
motor shaft and the wheel shaft become eccentric to each 
other due to the vibration of the motor at the time of 
running on a bad road, the above motor-side plate llA 
and the wheel-side plate IIC can move in all directions 
to absorb eccentricity between the motor 3 and the wheel 
2, thereby making it possible to transmit drive torque 
from the motor 3 to the wheel 2 smoothly. 

According to this Embodiment 1, the in-wheel motor 
3 and the wheel 2 are interconnected by the flexible 
coupling 10 which comprises the motor-side plate llA 
and the wheel-side plate IIC having a plurality of 
grooves 11a and a plurality of grooves lib formed on 
their opposed surfaces at an angle of 45° from the radial 
direction of th-e plates and extending in directions 
orthogonal to each other, respectively, the small balls 
11m sandwiched between the grooves 11a and lib in such 
a manner that they can slide, and the intermediate plate 
IIB having guide holes lis for guiding the above small 
balls 11m in a direction orthogonal to the radial 
direction. Therefore, the drive torque of the motor 
3 can be transmitted to the wheel 2 with simple 
constitution. Since the flexible coupling 10 of the 
present invention has a small number of parts and is 
easily assembled, the assembly efficiency of the 
in-wheel motor 3 can be enhanced and productivity can 
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be improved. 

In the above Embodiment 1^ the wheel-side plate 
lie is directly connected to the wheel 2. When the 
wheel-side plate IIC is connected to the hub 4 connected 
to the wheel 2 at its rotary shaft, the same effect can 
be obtained. 

In the above embodiment, 8 small balls 11m which 
move in the radial direction of the plates llA to IIC 
are used. The present invention is not limited to this. 
2, 3 or 5 or more balls may be used. The guide holes 
lis for guiding the above small balls 11m and the grooves 
11a and lib are preferably arranged at equal distances 
in the circumferential directions of the plates llA to 
lie, respectively . 

In the abcve embodiment, the hollo-w disk-like 
plates are used as the plates llA to IIC. The plates 
llA to lie do not need to have a disk-like shape if the 
guide holes lis and the grooves 11a and lib can be 
arranged in the circumferential direction and a space 
for installing the brake unit 8 is formed in the center. 

Embodi ment 2 

Fig. 3 shows the constitution of an in-wheel motor 
system according to Embodiment 2. In Fig. 3, reference 
numeral 1 denotes a tire, 2 a wheel consisting of a rim 
2a and a wheel disk 2b, and 3 an outer rotor .type in-wheel 
motor which comprises a stator 3S fixed to a non- 
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rotating side case 3a arranged on the inner side in the 
radial direction and a rotor 3R fixed to a rotating side 
case 3b rotatabiy connected to the above non-rotating 
side case 3a through a bearing 3j and arranged on the 
outer side in the radial direction. 

Numeral 4 denotes a hub connected to the wheel 2 
at its rotary shaft, 5 a knuckle connected to an axle 
6,7a suspension member composed of a shock absorber, 
8 a brake unit composed of a brake disk mounted to the 
above hub 4, 9A the first annular dust boot shown in 
Fig. 6, and 9iyi an elastic dust boot having a wavy section 
according to the present invention. 

50 denotes a buffer mechanism for elastically 
supporting the non-rotating side case 3a supporting the 
stator 3 to the above knuckle 5, comprising two plates 
54 and 55 whose moving directions are limited to the 
vertical direction of the vehicle by direct-acting 
guides 51 and which are interconnected by springs 52 
and a damper 53 moving in the vertical direction of the 
vehicle, and 60 a flexible coupling comprising a 
plurality of hollow disk-like plates 61A to 61C 
interconnected by direct -act ing guides 62A and 62B 
which are arranged in such a manner that their moving 
directions become orthogonal to each other. 

As shown in Figs. 4(a) and 4(b), the above dust 
boot 9M comprises an annular boot 9a for covering the 
outer sides of the direct-acting guides 62A and 62B 
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arranged in the circumferential directions of the 
hollow disk-like plates 61A to 61C of the above flexible 
coupling 60 and an annular boot 9b for covering the inner 
sides of the direct-acting guides 62A and 62E, and the 
both annular boots 9a and 9b are interposed between the 
motor-side plate 61A and the wheel-side plate 61C, 
thereby ma king it possible to protect the direct-acting 
guides 62A and 62B from the outside. That is, as 
barriers are formed on the inner sides and the outer 
sides of the direct-acting guides 62A and 62B of the 
above flexible coupling 60 by the above dust boot 9M, 
the deformation of the above coupling portion by a 
stepping stone and the entry of dust into the 
direct-acting guides 62A and 62B can be prevented and 
the leakage of grease filled into the slide portions 
of the direct-acting guides 62A and 62B which are a slide 
mechanism to the outside can be prevented. 

Since the above dust boot 9M is an elastic member 
having a wavy section, it expands and contracts along 
with the movement of the flexible coupling 60. 
Therefore, unrequired force is not applied to the above 
flexible coupling 60, thereby making it possible to 
move the above flexible coupling 60 smoothly. 

According to Embodiment 2, in the in-wheel motor 
system in which the non-rotating side case 3a of the 
motor 3 is connected to the knuckle 5 by the buffer 
mechanism 50 and the rotating side case 3a of the motor 



15 



3 is connected to the wheel 2 by the flexible coupling 
60, the direct-acting guides 62A and 62B which are the 
slide mechanism of the above flexible coupling 60 are 
stored in the elastic dust boot 9M having a wavy section. 
Therefore, the entry of a stone or dust into the above 
direct-acting guides 62A and 62B can be prevented and 
the leakage of grease filled into the direct-acting 
guides 62A and 62B which are slide portions to the 
outside can be prevented, thereby making it possible 
to greatly improve the reliability of the in-wheel 
motor system. 

In the above Embodiment 2, the direct-acting 
guides 62A and 62B which are the slide mechanism of the 
conventional flexible coupling 60 are stored in the 
dust boot 9M. The present invention is not limited to 
this. For example, the present invention can be 
applied when the slide mechanism used for a flexible 
coupling for connecting the in-wheel motor 3 to the 
wheel 2 or the hub 4 like the slide mechanism having 
small balls 11m, grooves 11a and lib and guide holes 
lis is stored . 

Stated more specifically, when the annular boot 
9a for covering the outer sides of the small balls 11m, 
grooves 11a and lib and guide holes lis and the annular 
boot 9b for covering the inner sides of the small balls 
11m, grooves 11a and lib and guide holes lis 
constituting the slide mechanism of the above flexible 
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coupling 10 are installed between the motor-side plate 
llA and the wheel-side plate IIC and the above slide 
mechanism is stored in the elastic dust boot 9M having 
a wavy section which comprises the above annular boots 
9a and 9b as shown in Fig, 5, the entry of a stone or 
dust into the above slide mechanism can be prevented 
and the leakage of grease filled into the grooves 11a 
and lib and the- guide holes lis which are the slide 
portions of the above slide mechanism to the outside 
can be prevented^ thereby making it possible to greatly 
improve the reliability of the in-wheel motor system. 

Industrial Feasibility 

As having been described above^ according to the 
present invention, since the rotor of the in-wheel 
motor and the wheel or the hub are interconnected by 
the flexible coupling which has a small number of parts 
and is easily assembled, productivity can be improved 
and the in-wheel motor can be manufactured at a low cost. 

Since the slide mechanism of the coupling member 
is stored in an elastic annular dust boot, the entry 
of dust and water into the slide mechanism and the 
diffusion of grease filled into the slide portions of 
the above slide mechanism to the outside can be 
prevented effectively. 



